We present results of period analysis of ASAS, MACHO and OGLE light curves of 79 symbiotic stars classified as S and D'-type. The light curves of 58 objects show variations with the orbital period. In case of 34 objects, orbital periods are estimated for the first time, what increases the number of symbiotic stars with known orbital periods by about 64%. The light curves of 46 objects show, in addition to the long-term or/and orbital variations, short-term variations with time scales of 50-200 days most likely due to stellar pulsations of the cool giant component. We also report eclipse-like minima and outbursts present in many of the light curves.
Introduction
Symbiotic stars are long-period interacting binary systems, in which an evolved red giant transfers material onto its much hotter companion, which in most systems is a white dwarf. Based on their near-IR characteristics, symbiotic stars divide into two main classes (Allen 1982) depending whether the colours are stellar (S-type) or indicate a thick dust shell (D-type). The majority (≈80%) of catalogued systems are S-type and have near-IR colours consistent with cool stellar photosphere temperatures of ≈ 3500 − 4000 K. Most of them have orbital periods of ≈ 500 − 1000 days (e.g. ). The near-IR colours of D-type systems indicate the presence of a dust shell which obscures the star and re-emits at longer wavelengths. Near-IR photometric monitoring has shown that these D-type systems have large amplitude variations and that they contain Mira variables with pulsation periods in the range 300-600 days; they are often called symbiotic Miras (Whitelock, 1987) . Since they must accommodate the Mira with its dust shell, these D-type systems should have much longer orbital periods than the S-types, a few tens of years and more. The latest review of symbiotic Miras and a comparison with normal Miras can be found in Whitelock(2003) . There is also small subclass of symbiotic binaries contain earlier type of giant (F, G and K) . These objects are called yellow symbiotics. Some of them show dust emission, these are signed as D'-type (Allen 1982) .
Light curves of symbiotic stars reflect the very complex behaviour of these systems. They show high and low activity stages, flickering, nova-like outbursts originating from the hot component (S & D types), eclipses, ellipsoidal variability connected with orbital motion (S-type), radial pulsations (all D-type and some Stype) and semi-regular variation of the cool component (S-type), long-term dust obscuration (mostly D-type) and other types of variability (Mikołajewska 2001) .
In this paper we analyse the light curves of 79 galactic S-type and D'-type symbiotic stars in different bands. The light-curves were provided by massive photometry surveys such as ASAS, MACHO, and OGLE. In some cases AAVSO light curves are analysed. Similar analysis of light curves of D-type symbiotic binaries was done by Gromadzki et al. (2009) . Belczyński et al. (2000) listed coordinates for symbiotic stars, but many of these are not sufficiently accurate to identify the symbiotics unambiguously. Therefore, we first identified the 2MASS counterparts using the existing finding charts and the Aladin Java graphics interface running at the CDS in Strasbourg. This works well because symbiotic stars, which have the near-IR colours of late-type giants, are intrinsically bright in JHK . The 2MASS coordinates were then used to identify symbiotic stars in the OGLE, MACHO and ASAS databases.
Data
In the ASAS database (Pojmański 2002) 1 , the data were found for 102 symbiotic stars. However, only for 69 systems the quality of light curve was good enough for period analysis. These comprise V -band photometry obtained between November 2000 and August 2009. There are two limitations connected with these data. The first one is related to the brightness of objects in V filter. Stars brighter than 8.5 mag are saturated whereas the limiting magnitude of the photometric system is ≈15 mag. However, we analysed ASAS light curves of objects brighter than 14 mag, because σ V in these cases was better than 0.2 mag. The second constraint is associated with the instrumental angular resolution. The scale of instrument is of about 15.5 arcsec per pixel. Since the image FWHM is of about 1.4-1.6 pixels and the size of the aperture was 2 pixels two stars are well separated if the distance
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between them is above ≈ 0.5 arcmin. This means that in dense galactic regions objects are often blended. Information about blended objects are given in Table 1 .
The OGLE-II/III database (Udalski et al. 1997 (Udalski et al. , 2003 2 includes light curves for 13 S-type galactic symbiotic stars. These comprise I -band photometry obtained between 1997 and 2009. Three stars, Hen 2-289, AS 269 and V3929 Sgr, showed only linear trends of unknown nature. The light curves of remaining 10 were good enough for period analysis.
The MACHO database (Alcock et al. 1992) 3 contains observations for 13 S-type systems obtained between 1993 and 1999. Only 9 of these light curves were good enough for period analysis. For V3929 Sgr there are a few points only, whereas SS73 129, V4018 Sgr and Hen 2-379 are saturated. The photometry was made through non-standard blue (B M ) and red (R M ) filters.
Period analysis
All light-curves were analysed using the program PERIOD 4 ver. 5.0, based on the modified Lomb-Scargle method (Press & Rybicki, 1989) . If it was necessary, long-term trends were removed by subtracting a polynomial of appropriate order. Sudden jumps of brightness (outbursts or eclipses) were also removed from light curves. The resultant power spectra of our targets were compared with the power spectra of windows. The periods were derived from the inverse of the maximum of the peak in the periodogram ( f −1 max ), whereas their accuracy was estimated by calculating the half-size of a single frequency bin (∆ f ), centred on the peak ( f c is the centre of the peak) of the periodogram and then converted to period units (∆P = f −2 c · ∆ f ). The highest peak in a typical power spectrum corresponds to variations with periods of 300-1000 days presumably related to orbital motion. The other strong peaks are connected with annual aliases, second and third harmonics, long-term variation and a combination thereof.
In the case of 24 objects included in our sample the orbital period was previously known from spectroscopic and/or photometric studies. These orbital periods were usually derived from observations covering longer periods than the photometric data used in our study, so we adopted them as more accurate.
The power spectra of residual light curves, with removed orbital modulation and/or long-term variation, often reveal peaks corresponding to periods of 50-200 days which may reflect pulsations of the red giant. The orbital modulation was removed form light curves by fitting high (7-11) order spline polynomial. Such approach gave better results than subtracting a sinusoid because in many cases the amplitude of the orbital modulation showed cycle to cycle changes. Examples of ASAS light curve, after subtraction of orbital variations, folded with pulsation period (bottom left panels) and related power spectra (bottom right panels). Insights in top right corners of power spectra panels show power spectrum of windows.
our power spectra are shown in Fig. 1 .
Results and discussion
Results of our period analysis are summarized in Table 1 . The most important result of this study is detection of periodic light changes due to either orbital motion or pulsations or both. The light curves folded with orbital periods are plotted in Figs. 2 and 3. Orbital ephemerides can be found in Table 2 . In the case of 24 objects, we used more accurate orbital periods derived by other authors. Residual light curves folded with pulsation periods are plotted in Figs. 4 and 5. Legenda: 100d -light curve covers only 100 days, bl -object blended, fp -few points, nc -none conclusive, orb -light curve shows variations with orbital period, pul -light curve shows pulsations, sat -object saturated, fnt -object too faint, out -light curve shows outburst, ecl -eclipse-like minimum in light curve. 
Orbital periods
The orbitally related light changes in symbiotic binaries can be caused by: (i) reflection effect, (ii) ellipsoidal variations, (iii) eclipses, and (iv) periodic brightening caused by increasing of accretion rate in eccentric systems during the periastron passage. It is not obvious that long-period (>200 days) variations are caused by orbital motion. However, in favour of such an interpretation is fact that among 58 objects showing such changes, 24 systems have known orbital periods from previous photometric and spectroscopic studies. Most of these systems have also spectroscopic orbits determined from radial velocities of the cool component absorption features.
The main cause of orbital light curve modulation in our sample is reflection effect, observed in 37 light curves analysed for this study. However, in contrast to the classical case, in symbiotic stars the hot component radiation illuminates and partly ionizes the cold giant wind rather than its surface.
The light curves of several systems show more or less pronounced secondary minima, and their shape can be interpreted in terms of ellipsoidal changes in the red giant and variable nebular emission due to reflection effect. These are: V1261 Ori, Hen 3-863, RW Hya, BD-21 3873, T CrB, Hen 3-1341, Ap 1-8, Hen 2-374, YY Her, V1413 Aql and V934 Her. The ellipsoidal variability in RW Hya, BD-21 3873, T CrB and YY Her was reported and studied by different groups (Rutkowski et al. 2007 , Smith et al. 1997 , Belczyński & Mikołajewska 1998 whereas in the remaining systems such variability has been detected for the first time. The ellipsoidal effect is dominating the V-band (ASAS) light curves of V1261 Ori, Hen 3-863, BD-21 3873, T CrB, i.e. systems whose hot component have relatively low (as for a symbiotic star) luminosity, 100L ⊙ or so, and their optical spectra are dominated by the cool giant. In the case of systems with more luminous hot component, the secondary minimum is partly veiled by the illumination effect (like e.g., RW Hya) and even completely obscured. The ellipsoidal changes also vanish during optical outbursts when strong blue, A/F-type, spectrum completely veils the red giant features in the optical range . For example, the near infrared light curves of RW Hya, SY Mus, and AR Pav are evidently ellipsoidal (Rutkowski et al. 2007 ) whereas the V light cuves presented in this study show shallow secondary minimum only in RW Hya. The V light curve of SY Mus is dominated by illumination effect while in AR Pav a strong A/F-type shell is permanently present (Quiroga et al. 2002) . Similarly, the OGLE/I light curve of Ap 1-8 shows ellipsoidal modulation, while the MACHO/B M light curve shows changes caused by reflection effect (Fig. 6 ). (Fig.  7) .
The ASAS light curve of YY Her covers the decline from its last outburst. The primary minimum is shifted, while the secondary one is barely visible. Formiggini and Leibowitz (2006) showed that P orb = 593.2 days modulates the quiescent light curve of YY Her whereas a periodic oscillation with a shorter period of 551.4 days dominates the outburst light curve. Such a secondary periodicities, always ≈ 10 − 20 % shorter than the orbital period, are often observed in the outburst light curves of many symbiotic stars, and the nature of this behaviour is poorly understood (e.g.
Mikołajewska 2003).
A weak secondary minimum may also be present in the ASAS light curve of V1413 Aql, and given its relatively short orbital period, it is very promising candidate to search for ellipsoidal changes at longer wavelengths. V934 Her can be another possible ellipsoidal variable (it is one of the rare symbiotic systems hosting a neutron star). Although, it would require a relatively short orbital period (as for a symbiotic star), of ≈44 days only. The nature of this variability is not clear and it could be caused by either the red giant pulsations or reflection effect. One should also mention that Masetti et al. (2002) and Galloway et al. (2002) found periodicity of 400 days based on broad-band X-ray data, and optical radial velocities, respectively. However, this period was not confirmed by analysis of longer duration X-ray light curves (Corbet et al. 2008) . The ASAS light curves of V934 Her folded with periods of 44.08 and 22.04 days and corresponding power spectrum are plotted in Fig. 8 . Light curves of 15 systems show one or more sharp and deep minima which may be caused by an eclipse. Among them, well known eclipsing systems (e.g. AR Pav and PU Vul) are present. In other cases the moment of minimum agrees fairly well with the time of spectroscopic conjunction (e.g. CD-43 14304). In the case of three objects (SS73 117, V3811 Sgr and V503 Her) it is not clear whether they are really eclipsing because their light curves show only one or two minima. The situation is much better in the case of Hen 3-863 and Hen 3-1674. The ASAS light curve of Hen 3-863 shows three minima (two primary and one secondary) and their overall shape is typical for an eclipsing binary. In the case of Hen 3-1674, the eclipse is confirmed by the spectrum available in the literature (Allen 1984 , Medina Tanco & Steiner 1995 , and Munari & Zwitter 2002 . The eclipse of Hen 3-1674 is shown in Fig. 9 . More examples of eclipses are shown in Fig. 10 . The observed eclipses are summarized in Table 3 . Eclipses of AS 269 and V4074 Sgr announced in Gromadzki et al. (2007b) have not been confirmed. Two objects, BX Mon and CD-43 14304, show periodic brightenings related to the periastron passage according to their known spectroscopic orbits (Fekel et al. 2000a , Schmid et al. 1998 . Light curves of these objects are shown in Fig. 11 . The brightenings always happen a few hundred days after the periastron, and they are probably caused by enhanced accretion rate. In the case of BX Mon spectroscopic observations have confirmed enhancements in the hot component activity following the periastron passage (Anupama et al. 2012) . Such a behaviour is also observed in visual light curve of MWC 560 (e.g. Gromadzki et al. 2007a) . We think that the same effect can be responsible for periodic 'outbursts' present in light curves of V840 Cen, Hen 3-1103, and V2905 Sgr, although the orbital periods for these systems are shorter, of 500-800 days (see Fig. 2 ). In case of KX TrA, outburst in 2003 was also preceded by periastron passage (according orbital solution derived by Marchiano et al. 2008) . However, AAVSO light curve of this object did not show brightenings after previous periastron passages (see Fig. 2 in Marchiano et al. 2008) , what means last brightening had different nature that these in BX Mon or CD-43 14304 and it was most likely nova-like outburst typical for classical symbiotic stars.
The ASAS light curves of 8 systems: V417 Cen, HD 330036, Hen 3-1591, Y CrA, SS73 122, HD 319167, NSV 11776, and StHA 180 show a wave-like modulation with periods of 1500 days (see examples in Fig. 12 ). The first three of them are yellow D'-type systems. In the case of Y CrA, the similar period (P =1619 days) is present in the radial velocity curve of the cool giant, and the orbital solution (Fekel et al. 2010) indicates that the reflection effect may be responsible for optical light modulation (see Fig. 11 ). Spectroscopic observations of the remaining objects are needed to confirm whether these changes are caused by orbital motion or are due to some other reasons.
The distribution of orbital periods was recently discussed by . Above all, although the number of measured periods is continuously increasing (e.g. Miszalski, Mikołajewska & Udalski 2013 discovered 20 new symbiotic systems and found orbital period for 5 S-type systems), the main characteristics of their distribution remain practically the same as in earlier studies (e.g. Mikoła-jewska 2004 Mikoła-jewska , 2007 . At the moment, simulations of the distribution of symbiotic stars over orbital periods with the population synthesis method (PSM) fail to reproduce the observed orbital period distribution of S-type symbiotic binaries. In particular, PSM produces the orbital period distribution in the range 200-6000 days with a maximum at ≈ 1500 days, and up to 20 % of objects with periods below 1000 days (Lü et al. 2006) whereas the observed periods peak at ≈ 600 days, and only ≈ 30 % systems have the orbital periods above 1000 days. This inconsistency cannot be accounted for by selection effects as suggested e.g., by Lü et al. (2006) . At present, 87 systems have known orbital periods, which is about 54 % of the S-type symbiotic stars included in Belczyński et al. (2000) and Miszalski, Mikołajewska & Udalski (2013) . Additionally, the amplitude of orbital modulation strongly depends on the intrinsically variable luminosity of the hot component, e.g. the amplitude of variation in visual light of RS Oph (i ≈ 50 • , Brandi et al. 2009 ) varies from ≈ 0.2 to 0.7 mag (Gromadzki et al. 2008) . Assuming as an i ≈ 40 • minimum orbital inclination, and the random distribution of orbital inclination angles, we estimate that we should be able to measure the orbital periods for ≈ 65% of S-type symbiotic systems. Then, we already know about 83% of measurable orbital periods and their distribution cannot be affected by any selec- Finally, in systems with eccentric orbits, brightening due to enhanced accretion rate near periastron can be observed regardless of the inclination. Such behaviour is observed in MWC 560 where orbital plane nearly coincides with the plane of the sky, as well as in BX Mon, which is an eclipsing binary. Symbiotic stars with longer orbital periods, 1000 days, tend to have eccentric orbits. Observing this kind of variability seems to be very promising and efficient way of deriving their orbital periods.
Pulsation periods
Light curves of 46 objects show, in addition to the long-term or/and orbital variations, short-term variations with time scales of 50-200 days most likely due to stellar pulsations of the cool giant component of the binary, what suggests that the red giants in these systems can be Semi-regular Variables (SRV), or OGLE Small Amplitude Red Giants (OSARG).
The semi-regular red giants are divided into two subtypes: SRa and SRb. Their basic properties and evolutionary status is described in detail in Kerschbaum & Hron (1992 . In particular, they found that the SRa appear as intermediate objects between Miras and SRb in all aspects, including periods, amplitudes and mass loss rates. They also concluded that the SRa do not form a distinct class of variables, but are a mixture of 'intrinsic' Miras and SRb. The SRb split into a 'blue' group with P < 150 days and no indication of circumstellar shells and a 'red' group with temperatures and mass loss rates comparable to Miras, but periods about half as long. They suggested that the 'red' and 'Mira' SRb are thermally pulsing AGB stars (Kerschbaum & Hron 1992) . Wood et al. (1999) showed that SRV may obey the same P-L relation (sequence C) as Miras. They are located at the C and C' sequences in the P-L diagram and pulsate in the fundamental mode and in the first overtone, respectively. The mass loss rate of these variables is around 10 −7 M ⊙ yr −1 (Olofsson et al. 2002) .
OSARG were first distinguished by Wray et al. (2004) in the Galactic bulge. They found ≈18000 red objects, which show pulsation periods with 10 < P puls < 100 and the amplitude in the filter I from 0.005 to 0.13. These objects obey different P-L relation than Miras and SRV. They are on A and B sequences, which are split into a 1 , a 2 , a 3 , a 4 , and b 1 , b 2 , b 3 by Soszyński et al. (2007) . They pulsate in the radial modes, indexes represent the order of pulsation mode. Letter "a" means AGB objects, "b" means RGB objects. The P-L relations of a k (k=1,2,3,4) sequences extend above the tip of the red giant branch (TRGB), what means that objects located on these sequences are AGB stars. Whereas, the P-L relations of b k (k=1,2,3) sequences break off below TRGB, what means that objects located on these sequences are RGB stars (Soszyński et al. 2007) . Pulsation periods of b k (k=1,2,3) objects are shorter than 70 days. Currently OSARG are the most common type of variable stars. Their number in the LMC, SMC and Galactic bulge is close 300,000 (Soszyński et al. 2009 (Soszyński et al. , 2011 (Soszyński et al. , 2013 . Unfortunately, mass loss rates in these objects are poorly known.
It is difficult to determine what type of variables are cool giants in galactic symbiotic systems. Distance to most of them is not precisely estimated and we cannot construct for them proper period-luminosity plot. Sequences a 1 and b 1 blend with C'. Classification based on the amplitude of variation seems rather useless, mainly because we have observations in the V filter and a contribution from the hot component in this band make amplitude smaller. Additionally, some pulsation periods are rather tentative due to quality of light curves and high activity of symbiotic systems. On the other hand, typical amplitude of pulsations of OSARG is smaller than scattering of points in ASAS light curves. Despite these difficulties, there is an argument, which indicates that a significant fraction of red giants in S-type symbiotic systems are AGB stars. Most of studied objects (30) show pulsation periods longer than 70 days, what means that these objects have occupied sequences a 1 , a 2 , a 3 , C or C' and they are AGB stars. They cannot develop dusty shell, like cool components in D-type systems, due to influence of nearby hot component. Objects showing pulsation periods in the range 50-70 days may belong to the b 1 or b 2 sequences, although they could be fainter members of a 1 , a 2 , a 3 , C or C' sequences. Fig. 13 shows the distribution of pulsation periods of cool components in studied symbiotic systems. More detailed investigations are needed to fully understand nature of cool companions in symbiotic systems. It is worth mentioning that presence of pulsations has been also observed in five systems in Magellanic Clouds: SMC 1, LMC S147, LMC 1, LMC S63 and LMC N67 , Kahabka 2004 , Angeloni et al. 2013 , Kato, Mikołajew-ska & Hachisu 2013 . In all of these systems, red giants are AGB stars because they are brighter than TRGB and only LMC 1 is classified as D-type, others are classified as S-types.
Outbursts
In light curves of 15 systems an outburst is present. Typical duration of such phenomenon is a few years, and the amplitude is from 1 to 3.5 mag in V filter. Such outbursts are common in classical symbiotic stars. Examples of light curves showing outbursts are plotted in Fig. 14. Objects showing outbursts are listed in Table 4 . 
Summary
In this paper we analysed 79 light curves of S and D'-type symbiotic systems available in ASAS, MACHO and OGLE databases. The light curves of 58 objects show variations with the orbital period. In most cases (37), these variations are caused by the reflection effect. The remaining objects display ellipsoid modulation and systems with eccentric orbits show brightening related to enhance accretion rate following the periastron passage. Eight systems show modulations with period of 1500-2500 days, most probably orbitally related but it may result from instability in accretion, as is the case of RS Oph (Gromadzki et al. 2008) . It is difficult to establish nature of these variations without additional observations. The orbital periods of 34 S-type symbiotic systems were estimated for the first time, what increases the number of symbiotic stars with known orbital periods by about 64%. Derived orbital ephemeris cloud be very helpful for planning radial velocities campaigns.
Light curves of 46 objects show, in addition to the long-term or/and orbital variations, short-term variations with time scales of 50-200 days most likely due to stellar pulsations of the cool giant component of the binary which suggests that the red giants in these systems can be SRV or OSARG. Most of these objects (30) show pulsation periods longer than 70 days, what suggests that they are most likely AGB stars.
Light curves of 15 systems show one or more sharp and deep minima which may be caused by eclipses. Outbursts of hot companions are observed in 15 systems.
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